Objectives: This study establishes normative nasalance values for middle-aged and elderly Brazilian Portuguese-speakers and investigates age and gender effects across the life span. Methods: Nasalance scores were obtained from 62 middle-aged (45-59 years) and 60 elderly (60-79 years) participants with normal speech for 3 nonnasal, 1 phonetically balanced, and 2 nasal-loaded test sentences using the Nasometer II 6400. The data were combined with a published data set of 237 speakers in 4 groups: children (5-9 years), adolescents (10-19 years), young adults (20-24 years), and mature adults (25-35 years). A repeated-measures analysis of variance was used to investigate differences between the stimuli by gender and age groups. Results: There were statistically significant effects of stimulus, gender, and age group, as well as a stimulus-age group interaction effect and a gender-age group interaction effect. The females' mean nasalance scores were higher than those of the males. The mean nasalance scores for the child, adolescent, and young and mature adult speakers were significantly lower than those for the elderly speakers, and the children's scores were significantly lower than those of the middle-aged speakers. Conclusion: Higher nasalance scores among middle-aged and elderly speakers may indicate physiological changes affecting oral-nasal balance in speech across the life span.
Introduction
The assessment of oral-nasal balance disorders is a crucial task for speech-language pathologists. Hypernasality, hyponasality, and mixed nasality can manifest in a variety of clinical populations. Hypernasality results from anatomical and/or functional conditions compromising velopharyngeal function, while hyponasality is usually due to nasal or nasopharyngeal blockages impacting the transmission of nasal acoustic energy [1] . Clinicians use perceptual and quantitative measures to assess the presence and degree of oral-nasal balance disorders [2] [3] [4] . Quantitative instrumental measures serve to corroborate and augment the perceptual assessment [3, 5] .
The most frequently employed acoustic measure for assessing oral-nasal balance disorders and monitoring treatment outcomes is nasometry [6] [7] [8] , usually with a Nasometer (Kay Pentax, Lincoln Park, NJ, USA) [9] . The system is noninvasive and provides a nasalance score, which is the ratio of nasal acoustic energy to the sum of nasal plus oral acoustic energy in speech, expressed as a percentage ([N/(N + O)] × 100%) [10] . Clinically, high nasalance scores for oral passages usually correlate with perceptual impressions of hypernasality, while low nasalance scores for nasal sentences correlate with hyponasality [3] .
Nasalance scores have been reported for children, adolescents, and adults presenting with a variety of conditions including cleft palate [11] , hearing impairment [12] , neurogenic dysarthria [13, 14] , and chronic rhinosinusitis [15] . Nasalance scores obtained from clinical populations are compared with normative scores for a particular language [16] . Nasalance may vary between different languages; therefore, establishing such norms is important for the assessment of oral-nasal balance [17, 18] .
Normative nasalance scores have been reported for numerous languages including English [17, 19, 20] , Finnish [21] , Brazilian Portuguese [22, 23] , Japanese [24, 25] , Flemish [26] [27] [28] , Hungarian [29] , and Swedish [9] , to name but a few. However, most of the available normative nasalance data reported to date have been acquired from child or young adult speakers [9, 17, 18, [20] [21] [22] [23] [24] [25] [26] [27] 29] . Other studies recruited participants up to the age of 63 years [19] and even 80 years [28] , but did not report the normative values separated by age groups. The available norms for older speakers are limited to Canadian English and French [30] , and to middle-aged (46-53 years) Flemish females [31] . Nasalance norms for middle-aged and older speakers are not available for Brazilian Portuguese. In Brazilian Portuguese, vowels are nasalized not only by assimilation (as in English) but also phonemically, that is, without the production of a nasal phoneme before or after the vowel [32] . Norms for Brazilian Portuguese would contribute to the clinical assessment of older adults with oral-nasal balance disorders.
Existing research on the effects of age on nasalance scores has shown that children have lower nasalance scores than young adults [22, 27, 29, 30] and older adults [30] . Younger children have lower nasalance scores than older children [9, 33] . However, D'haeseleer et al. [31] found that young and middle-aged women produced similar nasalance scores for connected speech. Marino et al. [23] did not find any statistical main effect of age on nasalance scores. However, the authors observed an agestimulus interaction, whereby children scored 2-4 points lower for oral passages than young and mature adults [23] . Few studies have investigated the nasalance scores of geriatric speakers. In a study including subjects up to 80 years of age, Hutchinson et al. [34] found that young adults (18-38 years) had lower nasalance scores than adults over the age of 50 years, which they attributed to an age-related deterioration of velopharyngeal sphincter function. However, the instrument used by Hutchinson et al. [34] was the TONAR II, the precursor of the Nasometer, and so the results may not be comparable. Furthermore, in a study based on airflow measurements, Hoit et al. [35] found no evidence of such age-related deterioration. The first and main goal of the present study was to investigate possible changes in oral-nasal balance with middle and older age.
An additional question of this study was the possible effect of gender on the nasalance scores of middle-aged and elderly speakers. The potential effect of gender on nasalance scores remains an open question. A number of studies have not found statistically significant effects of gender on nasalance scores for children or adult speakers [7, 9, 17, 22, 24, 28, 29, [36] [37] [38] [39] [40] [41] . However, other studies have reported slightly higher nasalance scores for female speakers, particularly when the texts contained nasals consonants [19, 20, 23, 25, 27, 30, 42, 43] . In older age, females were reported to have higher nasalance scores than their male counterparts [34] . It was therefore the second goal of the current study to provide additional information on the effect of gender on nasalance scores in middle-aged and elderly speakers.
Two research hypotheses were formulated to guide the present study. Hypothesis 1 posits that based on the agerelated trends reported in the literature [22, 27, 29, 30] and the only previous study on nasalance values in geriatric speakers [34] , it was expected that middle-aged and elderly speakers would have higher nasalance scores than children and younger adults. Hypothesis 2 postulates that based on reported gender differences in nasalance among older speakers using the TONAR II [34] , it was expected that middle-aged and elderly female speakers would have higher nasalance scores than male speakers in these age ranges.
Methods
The equipment, recording procedures, stimuli, and laboratory settings used to collect nasalance values for the middle-aged and elderly participants were the same as those used to establish nasalance norms for younger (children, adolescents, young adults, and mature adults) Brazilian Portuguese-speakers [23] . Participants One hundred and thirty-two participants between the ages of 45 and 78 years were recruited from the local community. The participants completed a short questionnaire to screen for neurological, respiratory, laryngeal, auditory, and congenital conditions. To screen for presbycusis, pure-tone hearing evaluations were conducted. Subjects below 60 years of age were included if the mean pure-tone thresholds for 0.5, 1, and 2 kHz for both ears were within 25 dB. Subjects aged 60 years and older were included if the mean pure-tone thresholds for 0.5, 1, and 2 kHz were within 25 dB for one ear and up to 40 dB for the other ear. After applying the exclusion criteria, data were collected from 122 (62 middle-aged [45- 
Speech Stimuli
Three of the stimulus sentences were from Trindade et al. [22] , namely, the oral ZOO-BR, the low-pressure oral ZOO2-BR (loaded with liquid consonants), and the nasal-loaded NASAL-BR. Four additional stimulus sentences were recently developed for Brazilian Portuguese-speakers [23] . They included (1) an oral passage Dudu no zoológico (Dudu at the zoo; 82% oral pressure consonants), (2) an alternative oral passage Dudu no bosque (Dudu at the park; 82% oral pressure consonants), which was syntactically and semantically less complex than Dudu no zoológico, (3) an oralnasal passage O cãozinho Totó (Toto the puppy) (15.9% nasal phonemes), and (4) a nasal-loaded passage O nenê (the baby) (47.5% nasal consonants) [23] .
The four more recently developed stimuli [23] were created for use with younger children or older subjects with poor reading skills. In order to be able to use the same stimuli with patients of various ages, educational levels, and cognitive functioning, it was important to use syntactically and semantically less complex material.
Recording Procedures
Nasalance scores were obtained using a Nasometer II 6400 (Kay Pentax) in a sound-treated laboratory. The Nasometer was calibrated prior to each day's data collection according to the manufacturer's instructions. The participants read the stimuli at a comfortable pitch and loudness. To assess test-retest reliability, the stimuli were read twice in the following order: Dudu no zoo, simplified Dudu no bosque, O cãozinho Totó, O nenê, ZOO-BR, ZOO2-BR, and NASAL-BR.
Data Analysis
The data were analyzed using NCSS version 8.0 (NCSS LLC, Kaysville, UT, USA). The mean nasalance scores and the test-retest variability were calculated first. Then, in order to assess the effect of age on normative nasalance scores across the life span, the data collected in this study were combined with a preexisting data set. The current nasalance scores from the 62 middle-aged (45-59 years) and 60 elderly (60-79 years) participants were assessed together with those from 237 speakers with complete data sets from Marino et al. [23] : 57 children (5-9 years, 30 females), 61 adolescents (10-19 years, 24 females), 58 young adults (20-24 years, 25 females), and 64 mature adults (25-35 years, 32 females).
As the participants in the study by Marino et al. [23] read the stimuli only once and the speakers of the current study read the stimuli twice, the comparisons between the data sets were based on the middle-aged and elderly groups' first enunciations. The effects of age and gender on nasalance scores were assessed using a repeated-measures analysis of variance (ANOVA). "Stimulus" (7 levels) was entered as a within-group factor, and "age group" (6 levels) and "gender" (2 levels) were entered as between-group factors. Where sphericity was violated, the Greenhouse-Geisser adjustment was used. The p value for significance was set at 0.05. For the post hoc comparisons, unpaired t tests were run with the p value adjusted for the number of comparisons (Holm-Bonferroni method) [44] .
Results
The mean nasalance scores and standard deviations of the 7 stimuli for the middle-aged and elderly subjects are shown in Table 1 . The test-retest variability was assessed by calculating the absolute difference between the middle-aged and the elderly participants' first and second enunciation for each stimulus. The mean difference in nasalance scores between enunciations was 1.79 (SD 1.67) for the middle-aged group and 1.83 (SD 1.64) for the elderly group. The cumulative frequencies, along with the means and standard deviations of these differences, are shown in Tables 2 and 3 .
Effects of Age and Gender across the Life Span
The nasalance scores of the first enunciations of the stimuli by the middle-aged and elderly speakers were combined with the data from Marino et al. [23] . A repeated-measures ANOVA was run for 7 stimuli, with 6 age groups and gender as between-group factors. There were significant effects of stimulus (F(6, 2,082) = 12,087.12; p < 0.01), age group (F(5, 347) = 16.01; p < 0.01), and gender (F(1, 347) = 15.16; p < 0.01), as well as a stimulusage group interaction effect (F(30, 2,122) = 9.96; p < 0.01) and a gender-age group interaction effect (F(5, 347) = 2.64; p < 0.05). There were no other interaction effects.
For the main effect of stimulus, post hoc testing showed that the mean nasalance scores (across all 6 age groups and both genders) for the oral stimulus For the main effect of gender, the mean nasalance score (across all 6 age groups and 7 stimuli) for females (mean 26.39 [SD 17.15]) was significantly higher than that for males (mean 24.53 [SD 17.14]; p < 0.01).
To assess the stimulus-age group interaction effect, post hoc t tests were run comparing the 6 age groups within each of the 7 stimuli. The mean nasalance scores by age group and stimulus are displayed in Table 4 . Post hoc testing showed that for the oral stimulus Dudu no zoo, the nasalance scores for the younger groups were significantly lower than those for both the middle-aged and the elderly speakers. For the simplified oral stimulus Dudu no bosque, the children's mean nasalance score was lower than the scores for both the middle-aged and the elderly speakers, while the adolescents', young adults', and mature adults' scores were significantly lower than the elderly speakers' score. For ZOO-BR, the scores for the children, adolescents, and young adults were significantly lower than those for the middle-aged and elderly groups, and the mean nasalance score for the mature adult group was significantly lower than that for the elderly speakers. For ZOO2-BR, the children scored significantly lower than the 4 oldest groups (all but the adolescents); the adolescents and young adults had significantly lower scores than the middle-aged and elderly speakers, and the mature adult group's mean nasalance score was lower than the elderly speakers' score. For the balanced oral-nasal O cãozinho Totó, the scores for the 4 youngest groups were significantly lower than the score for the elderly group, and the mean nasalance score for the adolescent group was significantly lower than that for the middle-aged speakers. For the nasal stimulus O nenê and NASAL-BR, there were no significant differences in mean nasalance scores between the age groups (for all significant differences, p value = 0.05/ [15 × 7] = 0.000476).
To assess the between-group gender-age interaction effect, two sets of Bonferroni-adjusted post hoc t tests were run. The first tests compared the genders within the 6 age groups and the second compared the 6 age groups separated by gender. When the nasalance scores for the genders within each of the 6 age groups were compared, the difference was only significant for the mature adult group, where females (26.79 [SD 16 .90]) scored higher than males (21.88 [SD 16 .65]) (p value for significance = 0.05/6 = 0.0083). For the second set of comparisons, Bold font indicates the cutoff at which 90% of the nasalance score differences were captured. 
Discussion
As the vast majority of published normative nasalance values are based on children or young adults, this study first established normative nasalance values for middleaged and elderly Brazilian Portuguese-speakers. The data on test-retest variability were comparable to those previously reported for younger English-speakers [45] .
The repeated-measures ANOVA found a significant main effect for stimulus. This effect confirmed the expected differences between the stimuli that can be attributed to the differences in their relative content of nasal sounds. The nasalance scores for the oral stimuli were significantly lower than the score for the balanced oralnasal stimulus, which was in turn significantly lower than the scores for the nasal stimuli. The mean nasalance score for the low-pressure oral stimulus (ZOO2-BR, loaded with low-pressure liquid sounds) was significantly higher than the scores for the other oral stimuli. The same pattern had been found in previous research [23] .
Based on previously reported findings [22, 27, 29, 30, 34] , the first hypothesis stated that middle-aged and elderly speakers would have higher nasalance scores than children and younger adults. The significant main effect for age group confirmed the first hypothesis and demonstrated that the elderly speakers had higher nasalance scores than the children, adolescents, young adults, and mature adults. In addition, the children's nasalance scores were significantly lower than those of the middle-aged speakers. These age differences are consistent with findings previously reported [19, 30, 34] . In the present study, however, there was an age-stimulus interaction effect, whereby the effects of age were limited to the oral and the oral-nasal balanced stimuli. In contrast, Hutchinson et al. [34] and Rochet et al. [30] had no age-stimulus interaction effect, while Seaver et al. [19] found that the effect of age was limited to nasal stimuli (with a weak positive correlation). These differences notwithstanding, the findings from the current study support previous data suggesting increased nasalance scores for older speakers. Among the studies that have discussed the effect of age on nasalance scores, most have highlighted differences between the scores of children and adults, in which children scored lower than adults for oral speech stimuli [22, 46] or even for all sentence stimuli (oral, phonetically balanced, and nasal) [29] . These findings have been attributed to the increased cross-sectional area of the nasal cavity in adults compared to children, leading to more nasal resonance and higher nasalance scores across the life span [47] . The same effect could be demonstrated when comparing nasalance scores for younger and older children [9, 33] .
Higher nasalance scores in older and/or elderly speakers have been attributed to age-related changes in the structure or function of the vocal tract [30, 34] . Tomoda et al. [48] found that two velopharyngeal muscles (tensor and levator veli palatini) atrophy with age. Based on findings from magnetic resonance imaging, Mahne et al. [49] found that the soft palate decreased in volume. Schötz [50] described general changes in the supralaryngeal system that occur with age (increased length of the vocal tract due to lowering of the larynx in the neck, diminished oral opening due to reduction of the size of the temporomandibular joint, and decreased sensation in the pharynx and soft palate, some of which may affect speech). Investigation of the nasal architecture in young and geriatric populations using acoustic rhinometry has shown that endonasal volumes and minimal cross-sectional areas gradually increase with age [51] , probably due to decreased functioning of the nasal mucosa [52] . However, aerodynamic studies to date have failed to show any evidence of change in velopharyngeal competence with healthy aging [35, 53] .
The second hypothesis stated that middle-aged and elderly female speakers would have higher nasalance scores than middle-aged and elderly male speakers, as reported in previous research [34] . This hypothesis was not confirmed. The significant main effect of gender confirmed that female speakers had higher nasalance scores overall. Across all stimuli and age groups, the females scored 2 mean nasalance points higher than the males. However, when the first gender-age group interaction was examined (effect of gender within age groups), the females only scored significantly higher in the mature adult group. The females of the middle-aged and elderly groups scored numerically higher than their male counterparts, but the difference was not significant (p = 0.27 and p = 0.45, respectively). It is not surprising that this effect was not very clear-cut. The research literature is split regarding the evidence for [20, 23, 25, 27, 30, 42, 43] or against gender DOI: 10.1159/000489334 differences in nasalance scores [7, 9, 17, 22, 24, 28, 29, [36] [37] [38] [39] [40] [41] .
Where studies did find higher nasalance scores for females [20, 23, 25, 27, 30, 42, 43] , the differences were often attributed to anatomical or physiological differences, although these explanations often remained speculative. Using the Glottal Systems OroNasal device (Glottal Enterprises, Syracuse, NY, USA), Bundy and Zajac [54] found a positive relationship between the higher fundamental frequency in female speakers and transpalatal nasalance, i.e., sound that was transmitted into the nasal passage through the velar tissue of the closed velopharyngeal sphincter. An anatomical difference such as in transpalatal sound transmission would lead to a constant difference in nasalance scores, irrespective of the phonetic content of the stimuli. This explanation fits the results of the present study well, because there were no significant gender-stimulus interaction effects. However, in contrast to the present study's findings, other researchers have found that gender differences were limited to phonetically balanced or nasal stimuli [20, 27, 30, 43] .
The second gender-age interaction (effect of age within gender) found for the speakers of Brazilian Portuguese in the present study indicated that the genders followed the same pattern across the ages, with the exception of the young adult group. Young adult men had lower scores than their elderly counterparts, but the young adult females did not. However, given the small range of mean differences in nasalance scores between the age and gender groups, this particular finding should not be overstated. Previous studies that compared age and gender did not find a similar interaction effect [30, 34] .
Conclusions
The normative nasalance scores for middle-aged and elderly Brazilian-speakers reported in the present study may serve as a reference for clinical populations, including patients with velopharyngeal disorders due to late treatment for cleft palate, hearing impairment, cochlear implantation, and acquired motor speech disorders affecting oral-nasal balance in speech. Across the life span, the present study found that female speakers scored on average 2 points higher than males for all speech stimuli. While consistent, this small difference is unlikely to require clinicians to make changes to their practice. Older speakers scored significantly higher than younger speakers for oral and phonetically balanced stimuli. Despite the relatively small differences found, clinicians and researchers may wish to consider a speaker's age and gender when interpreting nasalance scores. More research is needed to further investigate the physiological changes of the vocal tract and, in particular, of the velopharyngeal sphincter across the life span.
